Abstract. The initial condition for the formation of the Quark-Gluon Plasma, the distribution of quarks and gluons produced in the initial stages of nuclear collisions, is the fundamental building block of heavy-ion theory. In the framework of saturation physics and Wilson lines formalism we calculate the scattering amplitude, beyond the leading order, of the classical gluon produced in heavy-ion collisions. known as the initial condition of the Quark-Gluon Plasma formation, is the fundamental building block of heavy-ion theory.
Introduction
To understand the initial stages of nuclear collisions and the formation of quark gluon plasma, one has to study the dynamics of the collisions from first principle in Quantum Chromodynamic (QCD). To this end, we calculate the scattering amplitude, beyond the leading order, of the classical gluon produced in Nucleus-Nucleus collisions.
As a first approximation, we study the collision of two large nuclei with atomic number 1 A 1 A 2 . The smaller nucleus can be treated as a diluted system of constituents when compared to the large nucleus. In particular, the saturation scale of nucleus A 1 , which is proportional to its atomic number, Q 2 . The atomic number of the nucleus enters in the resummation parameter. Indeed, if we consider a particle propagation through a large nucleus with atomic number A, with good probability, will encounter, along its path, A 1/3 nucleons. In the two-gluon approximation, the particle propagating through the nucleus, interacts with each nucleon with the exchange of two gluons. Hence, for large nuclei, there are contributions to the scattering amplitude that are proportional to α 2 s A 1/3 and since A is a large number, these contributions are the leading ones. In our case we have α ∼ 1 for the larger nucleus (the target) which in the boosted Lorentz frame reduces to a shock-wave (represented as a red stripe in all diagrams below), and α 
From proton-Nucleus to Heavy-light Ion Collisions
The leading-order (LO) contribution to the classical gluon production amplitude in heavy-light ions collisions coincides with proton-Nucleus (pA) collisions. The diagrams for pA collisions are shown in Fig. 1 . Using light-cone coordinates
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where * ⊥ is the polarization vector of the emitted gluon, U ab z ⊥ is the Wilson line in the adjoint representation at transverse position z ⊥ , while V b ⊥ is the Wilson line in the fundamental representation. The gluon production cross section is proportional to the amplitude square and is given by
We are interested in calculating the next-to-leading order (NLO) contribution to the gluon production cross-section which is proportional to α 1 . The diagrams that contribute at this order may be divided in three classes as shown in Fig. 2 [2] . It is possible to reduce dramatically the number of diagrams if we sum up diagrams having gluons on one side of the cut with the corresponding diagrams having gluons crossing the cut, thus reducing the two diagrams in a single diagram with a retarded gluon propagator (see Fig.3 ) where
. A consequence of this observation is that, the only diagrams we will have to consider are those at order g 3 and those at order g 5 (at amplitude level), but with each gluon propagator being retarded propagator.
A further reduction of the number of diagrams to be calculated is given by the following two observations. First, we notice that the sum of diagrams of the type in Fig. 5 cancel. Second, using the cancellation described in Fig. 5 we can combine diagrams as shown in Fig. 6 thus reducing further the number of diagrams (see Fig. 7 ).
The result for the calculation of diagrams in Fig. 4 and in Fig. 7 is [2] for the k + singularity coincide with different sub-gauge conditions. It turned out that the quark lines reduce to Wilson lines if we regulate the light-cone singularity with Principle-Value (PV). The subgauge condition that leads to PV-prescription is ∂ ⊥ · A ⊥ (x − = +∞) + ∂ ⊥ · A ⊥ (x − = −∞) = 0 and the light-cone propagator is 
For sub-gauge condition at
The results we obtained in Ref. [2] is shown to be invariant under the above sub-gauge choices.
Conclusion and Outlook
The results presented here represent a first step toward obtaining the single inclusive gluon production cross-section for heavy-light ions collisions at the classical level beyond the LO. The results we obtained are reasonably compact considering the number of diagrams that contribute at this order. For the success of this calculation it was important to organize the diagrams in different classes and to combine many of them to fewer effective diagrams. It is certainly desirable to compare our result to the similar one obtained in Ref. [4] , but such comparison will not be possible until all the diagrams of order g 5 (at amplitude level) will be calculated. Moreover, since our result is at the classical level and there are no quantum fluctuations, it also desirable to check its conformal invariance in the transverse coordinate space. However, at this point this check cannot be performed since diagrams at order g 5 at the amplitude level have still to be calculated.
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